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Abstract In the present work, we search the simplest cosmological model in
f(R, T ) gravity by considering its functional form f(R, T ) = R+ ξRT with ξ be-
ing positive constant. We have constructed the Einstein’s field equation in f(R, T )
gravity for homogeneous and isotropic space time. The explicit solution of the
constructed model is obtained by considering the scale factor as a = αtβ with α
and β being free parameters. The values of α and β are obtained by using Markov
Chain Monte Carlo (MCMC) method to constraining the model under considera-
tion with observational H(z) data. Some physical and kinematic properties of the
model are also discussed.
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1 Introduction
The recent astrophysical observations of H(z) data of SN Ia, CMB anisotropy and
Plank collaboration have showed strong observational evidence that we are living
in accelerating universe at present time [1,2,3,4]. However, it was also observed
that the present universe was in decelerating phase in it’s beginning. The discovery
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of late time acceleration of universe is surprising and posed a major challenge to
theoretical Physicist and Cosmologist to know the exact reason of this acceleration
[5]. In general theory of relativity, it has been revealed that the accelerated expan-
sion of the present universe is due to some form of non-baryonic energy which have
anti gravitation effect and increase the rate of expansion of universe [6]. So, the
cosmological constant returns in the story with new role and leads the accelerated
expansion at present epoch. But yet, it could not well defined with respect to the
fine-tuning and cosmic coincidence puzzles[7]. Therefore, Caldwell [8] have credit
to initiate the modeling of accelerating universe by characterizing the dynamical
nature of dark energy/exotic energy with effective equation of state parameter
(ωde = p
de
ρde
6= −1). Later on, Copeland et al. [7] have reviewed the observational
evidence for late time accelerated expansion of universe and presented scalar field
dark energy models such as phantom, quintessence and tachyon models. Some
applications of dynamical dark energy with variable equation of state parameter
for spatially homogeneous and an-isotropic space-time are investigated in the ref-
erences [9,10,11,12,13,14,15]. Alternatively, in the recent time, the modification
in general relativity attracts cosmologists to investigate the exact reason of late
time acceleration without cosmological constant or exotic energy and hence led
down the cosmological constant problems. In 2011, Harko et al [16] have proposed
f(R, T ) theory of gravitation which leads the modification in geometrical part of
the Einstein Hilbert action. In this theory, the matter Lagrangian is function of
Ricci scalar as well as trace T of the energy - momentum tensor. One important
notion of f(R, T ) gravity is that it consider the quantum effect and leads the pos-
sibilities of particle production. Such possibilities are important for astrophysical
research because it predicts that there is a bridge between quantum theory and
f(R, T ) gravity. Some important applications of f(R, T ) theory of gravitation in
astrophysics as well as in cosmology are read in the references [17,18,19,20,21,
22,23,24]. Recently Zaregonbadi et al [25] have checked the viability of f(R, T )
gravity in order to investigate the dark-matter effects on the galaxy scale.
The standard FRW cosmological models prescribe an isotropic and homoge-
neous distribution of matter inside it for description of current fate of universe.
To follow up the observational results, one is bound to construct of spherically
symmetric or flat and spatial homogeneous cosmological model of universe [26].
But in the beginning, close to big bang, the present universe could have not had
such a smoothed picture. Thus, the inhomogeneity in space-time is the feature of
early universe and it play significant role in structure formation in the early stage
of evolution of universe and homogenization. Firstly, Bondi [27] had investigated
spherically symmetric but inhomogeneous cosmological model and describes many
essential features of universe in it’s early stage of evolution. Some pioneer investiga-
tions for inhomogeneous space-time had been reported by Taub [28,29], Senovilla
[30] and [31]. Romano [32] has analyzed the inhomogeneous cosmological model
with H0 observations and fit their model with observational data. In the recent
years, various inhomogeneous cosmological models have been studied by numer-
ous authors [13,33,34,35,36,37] in different physical contexts. But after discovery
of accelerating universe [1,2], the homogeneous cosmological models have gained
interest in astrophysical community and are more often employed for study of cos-
mological features of universe. In this paper, our goal is to investigate the simplest
cosmological model in modified gravity which have consistency with observations.
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The recent astrophysical observations confirm that we are living in homogeneous
and isotropic universe. So, we assume a flat, homogeneous and isotropic space-time
to derived the various characteristics of present universe. In 1996, Carvalho [38]
has investigated a flat FRW cosmological model to describe the early phases of
evolution of universe. Later on Singh et al [39] have investigated bulk viscous FRW
universe and showed that present acceleration in universe is driven by bulk viscous
fluid. In the literature, there are some impressive investigations for constraining
the various parameters of homogeneous and isotropic universe in different theories
of gravitation [40,41,42,43].
Motivated by the above discussion, in this paper, our aim is to investigate
cosmological model of accelerating universe without inclusion of cosmological con-
stant/dark energy in the framework of f(R, T ) theory of gravitation. The paper
is organized as follows: Section 2 deals with the metric and basic formalism of
f(R, T ) = f1(R) + f2(R)f3(T ) gravity. In section 3, the physical and kinematic
parameters of the model are given. We devote section 4 for constraining the model
parameters with observational data. Section 5 represents the physical properties
and dynamical behaviour of model in detail. Finally, we have summarized our
findings in section 6.
2 The metric and f(R, T ) = f1(R) + f2(R)f3(T ) gravity
The FRW space-time is read as
ds2 = −c2dt2 + a2 (dx2 + dy2 + dz2) (1)
Here, a is the scale factor and it is function of t only.
The action in f(R, T ) gravity is given by
S =
1
16pi
∫
d4x
√−gf(R, T ) +
∫
d4x
√−gLm (2)
where g and Lm are the metric determinant and matter Lagrangian density re-
spectively.
The gravitational field of f(R, T ) gravity is given by
[f ′1(R) + f
′
2(R)f
′
3(T )]Rij − 1
2
f ′1(R)gij+
(gij∇i∇i −∇i∇j)[f ′1(R) + f ′2(R)f ′3(T )] =
[8pi + f ′2(R)f
′
3(T )]Tij + f2(R)
[
f ′3(T )p+
1
2
f3(T )
]
gij (3)
Here, f(R, T ) = f1(R) + f2(R)f3(T ) and primes denote derivatives with respect
to the arrangement.
Following Moraes and Sahoo [44], we assume f1(R) = f2(R) = R and f3(T ) = ξT ,
with ξ as a constant.
Thus the equation (3) yields
Gij = 8piT
eff
ij = 8pi(Tij + T
ME
ij ) (4)
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where, Gij , T
eff
ij , Tij and T
ME
ij represent Einstein curvature tensor, the effective
energy momentum tensor, matter energy momentum tensor and extra energy term
due to trace of energy-momentum tensor T respectively [45].
TMEij =
ξR
8pi
(
Tij +
3ρ− 7p
2
gij
)
(5)
Here, p and ρ are the pressure and energy density of perfect fluid.
By applying the Bianchi identities in equation (4) yields
∇iTij = −ξR
8pi
[
∇i(Tij + pgij) + 1
2
gij∇i(ρ− 3p)
]
(6)
Equation (3) can be written as the following:
Gij = (8pi + ξ) Tij − (1 + ξ) Rij + R
2
[
1 + ξ (2 p+ T )
]
gij . (7)
Tij = (ρ+ p) ui uj − p gij .
Here, we take c = 1; ui = (1, 0, 0, 0) , ui = (−1, 0, 0, 0) , gij ui uj = −1,
R
2
= − 3
(
a˙2
a2
+
a¨
a
)
.
T00 = 2 p+ ρ , Tii = −a2 p , i = 1, 2, 3.
T = 3 p+ ρ.
where a˙ denotes the differentiation of a with respect to t.
Solving equation (7) with line-element (1), we obtain the following system of equa-
tions
3H2 = 8pi
[
ρ− 3ξ
8pi
(H˙ + 2H2)(3ρ− 7p)
]
(8)
2H˙ + 3H2 = −8pi
[
p+
9ξ
8pi
(H˙ + 2H2)(ρ− 3p)
]
(9)
where H is the Hubble’s parameter and it is defined as H = a˙a .
The equations (8) and (9) are the system of two equations with three unknown
variable H, ρ and p. Therefore one can not solve these equation in general. To get
the explicit solution for ρ and p, we have to assume a parametrization scheme with
the requirement of its theoretical consistency and observational viability. For this
sake, we can quote the power law expansion [46].
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3 Modeling with power law
In model (1), a(t) is an arbitrary function of time. So, one can take a(t) = α tβ
with α and β are being constants. This form of a(t) describes the power law cos-
mology and resembles with the late time acceleration of universe. Some important
applications of power law cosmology are given in the References [46,47,48,49,50,
51,52].
The space-time (1), in this case read as
ds2 = −dt2 + α2t2β (dx2 + dy2 + dz2) , (10)
where α and β are arbitrary constants.
Following, Feinstein and lbanez [53] and Raychaudhuri [54], the deceleration
parameter is given by:
q = −aa¨a˙2 = −−1+ββ (11)
The Hubble parameter H, scalar expansion Θ and proper volume V are re-
spectively found to have the following expressions [53,54]
H =
a˙
a
=
β
t
(12)
Θ =
3β
t
, (13)
V = a3 = α3t3β . (14)
The shear tensor is
σij = u(i;j) + u˙(i uj) − 13 Θ (gij + ui uj), (15)
and the non-vanishing components of the σji areσ
1
1 = −2 βt ,
σ22 = σ
3
3 = σ
4
4 = 0.
(16)
Then the expressions for pressure p and energy density ρ are are given by
p = −27ξβ
2(2β − 1) + β(3β − 2) [8pit2 − 9ξβ(2β − 1)]
54ξ2β2(2β − 1)2 + [64pi2t2 − 288piξβ(2β − 1)] t2 (17)
ρ =
21ξβ2(3β − 2)(2β − 1) + 3β2[8pit2 − 27ξβ(2β − 1)]
54ξ2β2(2β − 1)2 + [64pi2t2 − 288piξβ(2β − 1)] t2 (18)
It is to be noted that ξ = 0, our model recovers the case general relativity (GR).
Thus for ξ = 0, the expressions of p and ρ are read as
p =
β(2β − 2)
8pit2
(19)
ρ =
3β2
8pit2
(20)
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4 Observational constraints on model parameters
In this section, we bound the model parameters H0, α and β of the model under
consideration in view of observational H(z) dataset in the redshift range 0 ≤ z ≤
1.965. The observational H(z) datasets are compiled in the references [55,56].
Also, the scale factor in connection with redshift is given by
Fig. 1 One-dimensional marginalized distribution, and two-dimensional contours with 68%
confidence level and 95% confidence level.
a =
a0
1 + z
= α tβ (21)
where a0 denotes the present value of scale factor.
The age of universe is computed with following equation
H(z) = − 1
1 + z
dz
dt
(22)
Taking together equations (21)-(22) and after some manipulation, one can easily
obtain the following expressions for Hubble’s function
H(z) = β
(
a0
α
)− 1
β
(1 + z)
1
β (23)
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Fig. 2 The Hubble rate of model for H0 = 67.2± 2 versus the redshift z.
From equation (23), the present value of Hubble constant is obtained as H0 =
β
(
a0
α
)− 1
β .
Table 1: Results from the fits of the model to the H(z) data at 1σ and 2σ CL
Model parameters 68% 95%
H0 67.2± 1.0 67.2+2.0−2.0
α 68.5+4.3−5.4 69
+10
−9
β 1.0032± 0.025 1.0032+0.050−0.048
We use observational H(z) data in the redshift range 0 ≤ z ≤ 1.965 to constrain
the model parameters by using Markov chain Monte Carlo (MCMC) method whose
code is based on the publicly available package cosmoMC [57]. Also the detail of
this method is given in References [56,58]. Figure 1 depicts the contour plots of
model parameters at 68% and 95% confidence level (CL) and robustness of our
fits for H(z) of derived model to the data is shown in Figure 2. The summary of
numerical analysis is given in table 1. It is worth to note that the estimated value
of H0 of derived model nicely matches with the result from Plank collaboration
[59]. In the subsequent sections we check the physical properties and dynamical
behaviour of derived model with α = 68.5 and β = 1.032. These values of α and β
are obtained by bounding the derived model with observational H(z) data at 68%
CL. Note that from equation (11), we observe that the deceleration parameter
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is negative for β = 1.0032. We have taken α = 68.5 and β = 1.032 for all the
graphical analysis of derived model.
5 Physical properties and dynamical behaviour of model
5.1 Energy conditions
Fig. 3 Validation/Violation of energy conditions versus time for f(R, T ) gravity.
The energy conditions (Ecs) are noted as
WEC ⇔ ρ ≥ 0
NEC ⇔ ρ− p ≥ 0
DEC ⇔ ρ+ p ≥ 0
SEC ⇔ ρ+ 3p ≥ 0
The validation of energy conditions of derived model of universe can be analyzed
from equations (17) and (18) for β = 1.0032 and α = 68.5. We obtain that except
strong Ecs (SEC), all the other energy conditions namely null Ecs (NEC), week Ecs
(WEC) and doninant Ecs (DEC) are satisfied. The violation of SEC is in favour
of accelerating universe. Thus, the f(R, T ) theory of gravity, due to contribution
of Trace energy T, is able to give satisfactory description of late time acceleration
of present universe without inclusion of cosmological constant or dark energy in
the energy content of universe. The graphical representation validation/violation
of ECs in our model is shown in Figure 3.
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5.2 Age of universe
Fig. 4 Age (in unit of Gyrs) versus redshift z.
The age of derived universe is estimated by integrating equation (22) as fol-
lowing
t = −
∫
dz
(1 + z)H(z)
=
β(z + 1)
− 1
β
H0
(24)
The present age of universe is obtained by putting z = 0 in equation (22) i.
e. t0 =
β
H0
. Here, we estimate β = 1.0032 and H0 = 67.2 km s
−1 Mpc−1 ∼
0.0687 Gyrs−1. Thus the present age of universe is 14.60 Gyrs−1. The plot of age
versus red-shift is shown in Figure 4.
5.3 Statefinder diagnostic
To classify the difference among various dark energy cosmological models, firstly
Sahni and collaborators [60,61] have introduced the pair of statefinder parameter
(r, s). Mathematically these parameters are defined as
r =
¨˙a
aH3
& s =
(−1 + r)
3(−12 + q)
(25)
For Model (10), the expressions for r and s in terms of q are respectively given by
r = q(1 + 2q), & s =
2
3
(q + 1) (26)
The trajectories of scale factor in derived model have been graphed in Figure 5.
Our model follows the result of power law cosmology [46,62,63] for cosmological
diagnostic pair.
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Fig. 5 Trajectory of scale factor in derived model in s − r plane (left panel), q − r plane
(middle panel) and q − s panel (right panel). SCDM and ΛCDM denote the standard cold
dark matter universe (Λ = 0) and cosmological constant cold dark matter universe (Λ > 0)
respectively.
5.4 Jerk parameter
Fig. 6 Dynamics of jerk versus z for β = 1.0032
The jerk parameter (j) for model (10), is given by [64,65]
j = 1− (1 + z)H
′
(z)
H(z)
+
1
2
(1 + z)2
[H
′′
(z)]2
H2(z)
(27)
where H
′
(z) and H
′′
(z) represents the first and second order derivative of H(z)
with respect to z respectively.
Equations (23) and (27) lead to the following expressions for j
j = − 1
β
+
(β − 1)2
2β4(z + 1)2
+ 1 (28)
The jerk parameter is extensively kinematical quantity which measures more ac-
curately the expansion rate of universe rather than Hubble parameter due to have
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third order derivative of scale factor with respect to time. A positive jerk parame-
ter expands the universe with acceleration [66,67]. From Figure 6, we see that the
derived model evolves with positive values of jerk parameter and it is other than
1. For ΛCDM dark energy model, q = −1 which gives j = 1. In the model under
consideration, j 6= 1 but q is negative. Therefore, we can expect other cosmological
model of accelerating universe in place of ΛCDM.
5.5 Particle horizon
The particle horizon measures the size of observable universe [68]. The particle
horizon is defined as
Rp = limtp→0 a0
∫ t0
tp
dt
a(t)
= limz→∞
∫ z
0
dz
H(z)
(29)
where tp represents time in past at which at which the light signal is transmitted
from source. Integrating equation (29) for large value of red-shift and β = 1.0032,
Fig. 7 Proper distance versus z for β = 1.0032
we obtain particle horizon as Rp = 1.0374 H
−1
0 . The dynamics of proper distance
versus red-shift is shown in Fig. 7. From Fig. 7, we observe that at present (i. e. z =
0), a0H0x is null which turn into imply that at z = 0, the proper distance x
becomes infinite. Thus we are at very large distance (∼ at infinite distance) from
an event occurs in the beginning of evolution of universe.
6 Conclusion
In this paper, we have investigated the simplest model of accelerating universe
within the framework of f(R, T ) theory of gravity by taking its functional form
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f(R, T ) = R+ξRT . We note that for ξ = 0, the derived model recovers the case of
general relativity and satisfies all energy conditions for α = 68.5 and β = 1.0032.
These values of α and β are obtained by constraining the free parameters of derived
model with observational data sets. The strong energy condition (SEC) must be
violated in accelerating universe that is why we assumed here f(R, T ) gravity. It is
worth to note that the derived model describes the observable features of present
universe including acceleration without inclusion of dark energy or cosmological
constant. Some important characteristics of derived model are as follow:
– The derived universe has point type singularity at t = 0. The energy density
and Hubble’s parameter diverse at t = 0 which shows that the universe begun
with big bang.
– We estimate the present age of universe as 14.60 Gyrs which has pretty con-
sistency with recent observation of Plank collaboration.
– The derived model violates the SEC which in terms imply that ρ+ 3p < 0.
– The deceleration parameter evolves with negative sign while jerk parameter is
found to be positive throughout expansion of the universe. This confirms the
late time acceleration of present universe.
– In the derived model particle horizon exists which confirms that presently we
are at very large distance from an event occurs in the beginning. This behaviour
is clearly depicted in Fig. 7.
– The values of α and β are estimated by bounding the model under considera-
tion with observational data.
As final concluding remarks, we can say that f(R, T ) gravity is capable to
describing a suitable cosmological model with late time acceleration without sig-
nificance contribution of dark energy/cosmological constant. So, one can argue
that f(R, T ) = R+ ξRT is an alternative of dark energy models and it play non-
avoidable role in describing the evolution process of our universe.
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